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CONTROL  5ICTa-l  OB'  THE  SOVIET  TURBO? AH  ENGINE  D-30 
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(Aviation  and  Astronautics  Engineering) ,  Polish, '  Vol  25,  Ko  10-11,,  1??0, 
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The  article  discusses  the  functioning  of  the  most  im¬ 
portant  assemblies  in  the  control  system  of  the  Soviet 
,  coaxial  turoofan  engine  D-30:,  the  ilR-30  mechanism  for 
metering  fuel  output:  *’  ;  excentric  CR-lVJ  regulator 
limiting  the  rotatio.  .  speed  of  the  engine' s  low- 
pressure  assembly:  aua  une  excentric  CR-2',-7  regulator 
controlling  air  outlet  and  input  valves  and  the  vanes  i 

of  the  input  control  device  in  the  nigh-pressure  com¬ 
pressor. 


The  basic  assembly  in  the  control  system  of  the  Soviet  coaxial  turoo¬ 
fan  engine  D-30  (designed  by  the  Golov' yev  Bureau  for  the  Tu-13^  aircraft) 
is  &  fuel  output  metering  mechanism  which  is  clock-connected  with  a  Vickers 
type  piston  ounp  and  which  bears  the  designation  IIR-jJO.  Auxiliary  tasks 
are  performed  -r;  the  excentric  regulators  CR-lVJ  and  CR-2/J. 


Fuel  Gutouc  I-leterinn  Mechanism  HR- 30 

Fuel  Output  Regulation  Ur.ner  Steady  Conditions  of  Isgine  h’orx 

Under  varying  flight  conditions,  the  work  of  the  engine  is  kept 
steady  by: 

a  differential  valve  in  the  range  of  rotational  speeds  of  the  high- 
pressure  assembly  which  are  smaller  than  the  regulated  speeds,  that  is, 
smaller  tuar.  y,V’3 Oil'll  r...  , 

an  excentric  regulator  of  the  pump  in  the*  range  of  regulated  rota- 
bionl  speeds* 

The  differential  valve  operates  on  the  principle  of  maintaining  a 
constant  fuel  pressure  difference  of  10  kg/c;*^  before  and  behind  the  choking 
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.fKU;  tiu-  fuel  output  decreases,  tno  difference  between  the  ^nsuvr*  • 
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-  %  7  2*  u  w  "uuiu  position,  urns  closing  o 

uuxou  Ji  : uei  into  the„ apace  unclur  the  pisUm_a£  the  rusistnuc-j  din 
'.isneunect.tn;:  th:  inter-piston  space  fron  the  sink. 


“c  T'no  differential  valve,  fuel  output  remains  mchnrven  in  spj 
f-‘-  c-*-in,;e  which  occurs  in  the  rotational  speed  of  the  high-pro  v.v;  re  at. 
CJ.V  aa  a  result  of  changed  flight  conditions.  '  . 

Ai’t;.r  tho  choking  valve  ig  closed,  tho  fuel  pressure  differ*,  ice 
rapidly  increases  above  10  kg/cm*-,  and  the  differential  volvo  slider  slides 
to  t-x  -*tl.ror.o  left  position.  As  a  result,  thv  resistance  dial  is  sot  into 
a  r^sitior  whica  corresponds  to  the  minimum  fuel  output,  preventing  a  rise 
in  the  fuel  pros sura  which  could  damage  the  output  regulator. 


'..I  thin  the  range  of  regulated  rotational  speeds,  the  fuel  output  is 
regulated  by  the  oxccntric  regulator. 

The  position  of  the  excentric  regulator  slider  in  a  function  of  the 
engine’s  rotational  spued.  When  this  rotational  speed  is  steady,  the  slider 
assumes  a  position  in  which  the  whole  servo  system  is  in  equilibrium,  “n 
order  tc  increase  the  rotational  spcod  of  tho  engine,  tho  load  on  the  uprinr 
of  tne  excentric  regulator  slider  must  be  increased,  and  this  Is  accomplished 
by  shifting  the  control  lever. 


Uhen  the  rotational  speed  decreases,  the  regulator  slider  loses  its 
equilibrium  and  slides  downward.  This  position  of  tho  slider  increases 
fuel  inflow  into  the  space  above  the  upper  piston  of  the  servo  system  and, 
at  the  sane  time,  it  connects  the  space  under  the  resistance  dial  piston 
with  the  sink.  The  setup  of  both  pistons  begins  to  shift  downwards,  in¬ 
creasing  the  angle  of  inclination  of  the  resistance  dial  and  the  fuel  out¬ 
put  as  well.  3y  sliding  downward,  tho  slider  of  the  upper  piston  connects, 
by  means  of  the  chokoj  the  space  between  the  pistons  with  the  line  of  the 
oink.  Under  the  effect  of  the  lover,  the  bushing  of  the  regulator  slider 
also  begins  to  move  downward,  howevor,  with  a  certain  dolay  with  respect  to 
the  slider,  thus  functioning  a3  a  typical  catch-up  system.  When  the  rota¬ 
tional  speed  of  tho  engine  is  close  to  the  preset  speed,  the  regulator 
3lldor  and  bushing  are  in  the  initial  position.  The  space  above  the  upper 
piston  and  the  space  under  th**  resistance  dial  piston  aro  supplied  with 
fuel  at  the  sane  proasure  err  during  the  preset  rotational  speed,  while  the 


k 


space  between  the  pistons  is  connected  with  the  constant-pressure  channel 
by  cleans  of  the  slider  of  the  upper  piston..  In  the  space  between  the  pistons, 
the  pressure  and  the  opposite  movement  of  the  pistons  increase.  The  slider 
and  bushing  of  the  excentric  regulator  move  upward  with  the  same  speed 
(xheir  mutual  position  does  not  change).  This  opward  movement  ceases  when 
the  slider  of  the  upper  servo  piston  closes  off  the  connection  of  the  inter¬ 
piston  space  with  the  constant-pressure  channel.  This  takes  place  when  the 
engine  reaches  the  required  rotational  speed.  Then,  the  regulator  slider 
and  bushing  and  the  upper  piston  assume  their  initial  position,  while  the 
resistance  dial  piston  assumes  a  position  in  which  the  angle  of  inclination 
of  the  resistance  dial  is  increased. 

when  the  rotational  speed  increases,  the  whole  system  operates  in  a 
manner  analogous  to  the  above,  however,  the  motion  of  all  the  above-nen- 


the  sink. 

Regulation  cf  Fuel  Output  During  Acceleration 

During  acceleration  of  the  engine,,  the  fuel  output  is  regulated  by 
the  following  assemblies: 

the  hydraulic  delayer  operates  within  the  range  of  regulated 

rotational  speed, 

the  pressure  rise  liniter  which  operates  within  a  range  from  the 
idle  gv.ar  to  rotational  speeds  smaller  than  the  starting  speeds. 

/fnen,  within  the  range  of  regulated  rotational  speeds,  the  control 
lever  is  shifted  for.:ard,  then,  by  aseans,  of  a  cog  wheel,  this  lever  pushes 
the  bushing  of  the  sliding  hydraulic  delayer  upward.  The  sliding  bushing 
closes  the  fuel  sink  opening  in  the  cylinder  ot  the  delayer  pi  step,  with 
the  result  that  the  fuel  coning  from  the  constant-pressure  channel  flows 
into  the  space  under  the  piston.  The  piston  and  its  cylinder  shift  upward 
vixh  a  speed  determined  by  the  capacitor  of  two  hydraulic  dampers.  As  a  re¬ 
sult,  the  lever,  whose  one  end  is  connected  with  the  cylinaer  and  one  o^ner 
with*  the  spring  of  the  excentric  regulator  slider,  begins  to  exert  force  on 
t h»  -egul sto^  soring.  The  spring  ad  jt  sts  the.  excentric  regulator  to  the 
new  work  conditions  (the  slider  moves  iownwa-d) .  The  delayer  piston  stops 
shifting  when  the  sink  opening  in  the  cylinder  opens,  tnat  is,  when  the  pas- 
ton  has  shiitea  by  the  sajte  distance  as  did  the  sliding  bushing. 

the  engine' s  rotational  speed  decreases,  the  hydraulic  delayer 
oision  shifts  down  with  a  speed  determined  by  the  capacity  of  tne  upper 
hydraulic  damper,  which  is  adVasood  sc  that  the  flame  in  the  cor.custion 
chamber  of  the  engine  would  not  go  out. 

Vfr.en  the  control  lever  is  smocmly  shifted  forward  oi  the  position 
covraswondinp  to  the  idle  gear,  the  fuel  pressure  in  frcr.t  cf  tre  oivioar.' 
“i-«  hpiffl?  A*  a  r*»lt,  the  sJMor  of  «*  P**-*™ 
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Figure  1.  Outline  of  the  Fuel  Output  Regulator  i;R-3C 


Key: 


1.  Resistance  dial  piston 

2.  Upper  piston  of  servo  system 

3.  Low-pressure  filter 

4.  High-pressure  filter 

5.  Constant-pressure  valve 

6.  Differential  valve 

7.  Pressure  rise  limiter 

8.  Altitude  collector 

9.  10-stage  compressor  air 

10.  Filter 

11.  Starting  mechanism 

12.  Fuel  outlet  limiter 

13.  Solenoid 

14.  First  channel  of  injectors 


15,  Second  channel  of  injectors 

16,  Jet  cone 

1?,,  Deaerating  valve 
13.  Fuel  to  Cft-lW 

19.  Piston  of  hydraulic  delayer 

20.  Dividing  valve 

21.  Sink  valve 

22.  Regulation  of  idle  run 

25.  Choking  valve 

24.  Fuel  to  CJI-2W 

25.  Fuel  to  CR-lVJ 

26.  Drainage  line 

27. :  Regulator  bushing 

28.  Regulator  slider. 
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iiaiter  xcves  to  the  left  and  closes  the  channel  of  fuel  outflow  iron  the 
space  cn  the  left  side  of  the  Hotter  piston,,  whither  the  fuel  is  conducted 
fnn  the  area  in  front  of  the  dividing  valve  through  a  system  of  two  hy¬ 
draulic  calipers.  Tne  piston  overcomes  the  resistance  of  the  spring,  begins 
to  move  to  the  right,  and  stretches  the  spring  for  as  long  as  the  fuel 
pressure  in  front  of  the  dividing  valve  increases.  In  this  way,  the  pres¬ 
sure  rise  limiter  exerts  no  effect  on  the  change  in  the  fuel  output. 


When  the  control  lever  is  suddenly  shifted  forward,  the  fuel  pres¬ 
sure  under  the  piston  of  the  re's*,  .stance  dial  rapidly  falls.  The  simul¬ 
taneous,  rapid  rise  in  the  pressure  in  front  of  the  dividing  valve  shifts 
the  limiter  slider  to  the  left  so  that  the  space  between  the  pistons  of 
•she  hydraulic  servo  systeu  is  connected  with  the  sink,  while  fuel  from  the 
area  in  front  of  the  dividing  valve  is  conducted,  through  an  oblique  open¬ 
ing,  into  the  space  under  the  piston  of  the  resistance  dial.  In  this  way,, 
the  Diston  of  the  resistance  dial  remains  in  the  initial  position  for  a 


certain  period.  Daring  that  tine,  fuel  flows  from  the  constant  pressure 
channel,  through  two  hydraulic  dampers,,  into  the  space  under  the  piston  of 
the  hydraulic  delayer,  with  the  result  that  the  piston  and  its  cylinder 
r.cve  upward  with  a  definite  speed.  The  lever  exerts  force  on  the  spring 
of  the*  exeentric  regulator  slider,  and  the  spring  resets  the  regulator  sc 
that  fuel  flows  fmn  the  const'  -pressure  channel  into  the  space  above  the 
upper  piston  of  the  servo  sys„-.'.  while  the  space  under  the  piston  of  the 
resistance  dial  is  connected  with  the  sink.  Vfnile  the  limiter  piston  is 
moving  to  the  right,  the  opening  in  its  cylinder  is  opened,  and  additional 
fuel  which  bypasses  one  damper  flows  into  the  space  on  the  left  side  of  the 
piston  and  causes  it  to  r.ov~  even  more.  This  closes  the  oblique  opening  in 
the  bushing  of  the  limiter  slider  and  turns  off  the  inflow  of  fuel  from  the 
area  in  front  of  the  dividing  valve  into  the  space  under  the  piston  of  the 
resistance  dial.  As  a  result,  the  fuel  output  from  the  pump  is  increased, 
and  all  assemblies  are  in  a  position  corresponding  ~o  a  greater  rotational 
speed; 


Starting  the  Swan? 

Vfnen  the  engine  is  net  working,  the  resistance  dial  of  the  piston 
puho  is  positioned  at  a  maximum  angle.  In  view  or  this,  ir.  the  first  mo¬ 
ment  of  starting ,  the  amount  of  fuel  delivered  would  *oe  too  large  in  pro¬ 
portion  to  the  amount  of  air.  This  uould  suddenly  raise  the  temperature 
above  the  permitted  level.  Toe  action  ci  tne  automatic  starring  mechanism 
consists  of  adjusting  the  fuel  supply  to  the  air  supply.  In  the  first 
ohase  of  starting,  the  inflow  of  air  as  smaxl,  while  the  iiiel  pressure  in^ 
front  of  the  dividing  valve  rapidly  increases,  and  therefore  one  slider  of 
the  automatic  starter  is  raised,  allowing  a  portion  of  the  fuel  to  flow . 
^nto  the  s^nk.  As  the  rotational  epeea  increases,  the  air  pressure  behind 
the  compressor  rises.  This  pressure  acts  on  a  membrane  which  directly 
controls  the  slider  of  the  automatic  starter.  Vihan  the  rotational  speed 
reaches  6,000  rpm,  the  membrane-controlled  slider  completely  closes  oir 
the  route  to  the  sink. 
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During  flight  at  altitude.,  activation  oi  ttie  engine  is  faciliiab-d 
by  the  altitude  cbrrsetor  which,  by  means  of  a  s#t  of  aneroid  ccntalr-erc , 
a.  pusher,  a  lever,  and  springs,  reduces  the  action  of  the  nenbra nw.  on  the 
slides  of  the  autpmaiic  starter,  thus  making  it  possible  far  tue  fuel  to 
flow  out  into  -the  sink  .at  a  lower  pressure. 


Fuel  Cutout, Regulation  in..  Accordance  -with  Gas  Ter.serature 

To  eliminate  the  danger  of  the  gas  temperature*  rising  above  the  per- 
Blitted  leva!,  the  temperature  JLirii ter  .-RT-35  was  applied.  The  task  of  this 
assembly  consists  of  reducing  the  fuel  input  into  the  engine  whenever  the 
temperature  of  the  gases  rises  above  ine  permitted  Iev~i.  The  PRT-35  as¬ 
sembly  is  composed  of: 

.12  thermocouples  which  measure  the  temperature  of  t'v  gases  oehird 
the  turbine  and  which  also  function  as  the  transmitter -of  the  assembly, 
an  electric  amplifier  URT-19A-2T 
a  solenoid  EKT-243 
a.  temperature  limiter  CT 
-a  rotational  speed  decrease  limiter  KOR. 


From  the  constant-pressure  channel,  the  fuel  flows  through  a  calib¬ 
rated  jet  cone,  under  the  membrane  of  the  temperature  limiter,  and  then  in¬ 
to  the  , jet  cone  of  the  solenoid  valve.  From  the  space  under  the  piston  of 
the  hydraulic  delayer,  the  fuel  flows  thz-ough  a  hydraulic  damper  and  into 
the  OT  slider.  The  URT-19A-2T  amplifier  transmitter  is  adjusted  to  the 
maximum  temperature  of  gases  in  an  ideal  atmosphere. 


When  the  gas  temperature  becomes  very  close  to  the  temperature  to 
which  the  amplifier  transmitter  is  adjusted,  an  appropriate  elec tide  impulse 
is  transmitted  to  the  solenoid  which,  by  means  of  a  valve,  begins  to  reduce 
the  outflow  of  fuel  from  underneath  the  membrane  of  the  temperature  limiter; 
As  a  -result,  the  pressure  under  the  membrane  increases.  Overcoming  the 
resistance  of  the  spring,  the  membrane  moves  upward  jointly  with  the'  slider 
attached  to  it.  When  the  gases  reach  the  preset  temperature,  ST  slider 
-opens  the  fuel  path  from  the  space  under  the  hydraulic  delayer  piston  to 
the  sink.  By  means  of  the  lever,  the  hydraulic  delayer  resets  the  excent- 
ric  regulator  so.  that  -the  pump  puts  less  fuel  out,  and  thus  the  temperature 
of  the  gases  decreases. 


SJ.nce  the  excentric  regulator  of  the  pump  operates  within  the  range 
of  regulated  rotational  speeds,  the  PRT-35  assembly  can  regulate  the  fuel 
output  only  in  this  range. 


In  order  tofpreveiit  a  fall  in  the  rotational  op-ed  of  the s  engine  be¬ 
low  10,500  rpm,  which  could  happen  when  electric  install  - tine;--  fail,  the 
KOR  limiter  of  rotational  speed  decrease  was  applied.^  At  a  retailor a- 
speed  of  10,500  rpm,  the  KOR  slider  closes  tne  fuel  fV*  path 
space  under  the  hydraulic  delayer  piston  to  the  s ink,  ,-rotn  tnan  women  .  on, 
the  hydraulic  delayer  no  longer  resets  the  excentric  regulator  sc  as  to 

reduce  fuel  output. 


6 


Sxeontric  Regulator  CR-lVJ 

Trie  cxccr.tric  Cli-lW  regulator  limits  the  rotational  speed  of  the 
low-pressure  system. 

Or.  the  sia:  of  the  regulator  slider,  fuel  from  the  space  tinder  the 
win  ton  of  the  IlH-X  hydraulic  delayer  is  conducted  through  the  hydraulic 
damper.  The  slider  is  acted  upon  by  excentric  weights  from  below  and  by  a 
spring  from  above.  When  the  steady  rotational  speed  of  the  low-pressure 
system  is  smaller  than  the  maximum  permitted,  the  slider  is  in  a  position 
which  cuts  off  fuel  inflow  into  it.  The  moment  the  maximum  rotational 
speed  is  exceeded,  due  te  in  increased  effect  of  the  weights,  the  slider 
rises  opening  fuel  path  to  the  sink  line.  In  this  way,  the  space  under 
the  piston  of  the.  hydraulic  delayer  is  connected  with  thr  sink,  and  the 
fuel  pressure  in  that  space  falls.  The  piston  and  the  cylinder  of  the  hy¬ 
draulic  delayer  wove  downward  and  therefore,  by  means  of  the  lever,  the 
excentric  retails  ter  is  reset  so  that  the  fuel  output  from  the  pump  is  re¬ 
duced.  The  rotational  speed  of  the  high-pressure  system  and  then  of  the 
low-pressure  system  decreases. 


Figure  2. 


Outline  of  the  Kxcentric  CR-lw 


Regulator 


1.  Drainage  line 

2.  Sink  line 
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pressure 
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•j_e ii.it.  ■  the  vinos  of  the  WDA  input  eo.itrcl  tievic-  of  the  high- 
cocprvjuor  froo  nn  angle  of  0°  tc  fh  ar.gl'  of  -10-  nnc  vice  versa. 


fh-  ;.R-fO  pump  pumps  the  fuel  into  the  f»-el  filter  of  the  CR-2W  ve- 
tuiato**.  7r.cn,  the  fuel  flows  through  the  rain  and  left  implementing  sliders 
in  Ac  hydraulic  flapjacks.  From  toe  cor. star* t-pr«*sr  u-e  rive,  the  fuel  flows 
to  the  .-.lider  of  the  excer.tric  t ran -ait  ,cr  ?rd,  laterally ,  to  two  control 
sliders.  fnaer  a  pressure  of  p  *  fu*^).  the  fuel  is  conducted  from  the 
slider  of  the  excentri.:  transmitter  to  two  control  sliders  and  one  imple¬ 
menting  slider. 

?ne  j--quei.ee  of  the  functions  perforr.ed  hv  the  CT1-2W  regulator  is 
as  follows: 


During  «ctivat?.c[.  of  the  Shgine 

1.  After  the  high-pros  mre  system  hat  raached  a  rotational  speed  of 
y-b;«,  due  to  the  pressure  of  the  fuel  coring  frot.  the  excentrie  transmitter, 
air  outlet  valves*  oehind  the  fourth  and  fifth  stages  of  the  hiph-p re  3Surg^_-»: 
compressor  o^en. 

2.  After  the  rotational  speed  h-M  reached  c-.>— 12.^, o,  the  air  inlet 
valves  arc  reset  to  draw  air  from  behind  the  10  th  stage,  while  the  VC  A 
var.es  are  ret  at  an  angle  of  *L0°. 

3.  After  the  rotational  speed  has  reached  37-^^,  fad  pressure 

p  -  f(n2)  raise;-  the  slider  which  disconnects  the  generator  starters;  from 
the  constant-pressure  channel,  the  fuel  f-ows  under  the  mccorane  of  the 
microdisconnector  which  turns  the  starters  oif. 

During  Acceleration 

1  When  the  rotation  sueed  has  reached  ?7-79$,  the  fuel  pressure 
fro,  trans.itr.-r  shifts  the  riBht 

the  fuel  flows  from  the  censtant-pressurs  channeu  to  the  left  control  slider. 
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Figure  3«  Outline  of  the  Eccentric  C3.~Z.-i  Hegslator 


1,  Fiiftl  from  WR-3C' 

2,  Drainage  line 

3,  Sink  line 

h.  ^centric  transmitter 
5.  Pressure  p*f(n?),  channel 
6-,  Slider  disconnecting 
generator  Jtarters 
?.  Opening  slider 


Sicrodisconnector 
Implementing  slider 
To  hydraulic  flapjacks  of  air 
inlet  and.  outlet  valves 
Closing  slider 
Implementing  slider 
To  hydraulic  V.vlA  flapjack 
Constanx-pressure  valve. 


2.  When  the  rotational  speed  has  reached  79«5*-&l»55v  the  left  con¬ 
trol  slider  is  shifted  upward,  and:  the  fuel  flews  from  the  constant-pressure 
channel  under  both  implementing  sliders.  As  a  result,  the  implementing 
sliders  move  upward,  and  the  left  implementing  slider  connects  the  hydraulic 
flapjack  channels  with  the  sink,  while  the  right  slider  lets  t'pe  fuel  flow 
from  the  pump  to  the  WA  vane  control  flapjack,  The  air  outlet  valves  be¬ 
hind  the  fourth  and  rKth  stages  of  the  compressor  are  closed.  Air  inlet 
valves  are  reset  tc  draw  air  from  behind  the  fifth  stage,  while  the  WKA 
vanes  are  set  at  ah  angle  of  0°. 

During  deceleration  of  the  rotational  speed,  the  CR-2 vJ  operations 
are-  performed  in  the  reverse  sequence. 
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